The emergence of thin, flexible, and area-emissive technologies is projected to open up for new and functionalized applications of light in, for example, medicine^[@ref1],[@ref2]^ and security.^[@ref3]^ The frontrunner in the area-emissive field is the organic light-emitting diode (OLED). At industrial grade, OLEDs widely adopt a multitude of different layers, which are deposited with nanometer precision under high vacuum. As such, the OLED is, and will probably remain, expensive, which prohibits its use in several of the emerging applications. In this context, the light-emitting electrochemical cell (LEC) is an interesting alternative.^[@ref4]−[@ref9]^ The LEC can also feature conformable areal emission, but, by the virtue of its in situ doping operational mechanism,^[@ref10]−[@ref14]^ it can be fabricated with low-cost solution-based printing and coating methods under ambient air.^[@ref5],[@ref15]−[@ref17]^

However, a current drawback is that today's most efficient LECs (and OLEDs) comprise phosphorescent organic semiconducting emitters, which are based on expensive and rare heavy metals from the platinum group in the periodic table.^[@ref18]−[@ref24]^ This is because excitons (bound electron--hole pairs) form in a ∼ 3:1 triplet/singlet ratio in organic semiconductors during electric driving,^[@ref25],[@ref26]^ and it is only such heavy-metal-based phosphorescent emitters that exhibit efficient and high-brightness electroluminescence (EL) from the triplet state with a reasonable excited-state lifetime in the range of a few microseconds due to strong spin--orbit coupling. In addition, the singlet excitons in phosphorescent emitters can be efficiently transferred to the triplet state by intersystem crossing (ISC), so that, in principle, all electrically generated excitons can be harvested for light emission.^[@ref27]^

A recently invented class of heavy-metal free organic compounds addresses the above issue through the emission process of thermally activated delayed fluorescence (TADF).^[@ref28]−[@ref32]^ Efficient TADF emitters are designed so that the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) are spatially separated, which render the lowest excited singlet state (S~1~) and the lowest excited triplet state (T~1~) positioned close in energy; with such a design, a thermally promoted reverse intersystem crossing (RISC) from the nonemissive T~1~ to the emissive S~1~ can take place.^[@ref33]^ Accordingly, all of the electrically generated singlet and triplet excitons can in a TADF emitter be utilized for light emission via prompt and delayed fluorescence, respectively.

A vast majority of today's TADF emitters are small molecules, which commonly are best fit for deposition by (expensive) physical vapor deposition under high vacuum. In contrast, polymers and oligomers allow for facile solution-based processing, but the number of such materials exhibiting TADF emission is very limited, in part due to a complicated synthesis protocol,^[@ref34]−[@ref41]^ and, so far, no LEC device based on an oligomeric or polymeric TADF emitter has been reported.

Herein we address this issue and report on the pioneering realization of functional three-layer LEC devices based on a polymeric TADF emitter, which turn on and emit light at a low voltage below 4 V and which emit with a bright luminance of \>600 cd m^--2^ at 6 V. The operation of LEC devices is intrinsically dependent on the existence of mobile ions in the active material, and we further establish that the emissive state of the polymeric TADF emitter, because of its intramolecular charge-transfer character, is highly sensitive to the proximity of the polar ions. With this information in hand, we are able to draw conclusions regarding the exciton profiles that are present in different LEC devices during operation, and we notably find that the excitons can be self-trapped at ion-induced low-energy sites positioned at the edges of the emission zone.

[Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a presents the chemical structure of the TADF-active macrocycle conjugated polymer P1, which was synthesized by a Yamamoto-type polymerization of the non-TADF monomer (4-(3,6-dibromo-carbazol-9-yl)phenyl)(4-(dodecyloxy)phenyl)methanone.^[@ref42]^ P1 is designed to feature a twist between the electron-donating carbazole unit (marked with a cyan background) and the electron-accepting benzophenone unit (marked with a purple background), which results in the HOMO positioned on the carbazole being spatially well separated from the LUMO localized on the benzophenone. The appearance of TADF emission from the P1 polymer, but not the constituent monomer, originates in a conjugation-induced reduction of the energy difference between the S~1~ and T~1~ states while keeping the radiative S~1~--S~0~ decay rate fast.^[@ref42]^ The dodecyloxy end group was included for enhanced solubility in common organic solvents, such as toluene, tetrahydrofuran, and chloroform.

![(a) Chemical structure of the active-material constituents: the P1 polymeric TADF emitter, the PYD-2Cz host compound, the THABF~4~ electrolyte, and the PS additive. The electron-donor unit of P1 is marked with a cyan background color, and the electron-acceptor unit is marked with a purple background color. (b) Cyclic voltammetry traces recorded on thin films of P1 (solid cyan line) and PYD-2Cz (dashed purple line). The vertical dotted lines indicate the onset potentials for oxidation and reduction. The scan speed was 0.05 V s^--1^. (c) Normalized absorbance of a thin film comprising P1 dispersed in PS (open black circles; note that the contribution of PS is effectively eliminated by the measurement procedure) and the normalized photoluminescence (PL) of neat films of PYD-2Cz (solid purple squares) and P1 (solid cyan circles). (d) Normalized PL of different active-material films, with the mass ratio of the constituents defined in the inset.](jz0c01506_0001){#fig1}

It is a common practice to disperse TADF (and triplet) emitters as a minority guest in a larger energy-gap host matrix because this inhibits the diffusion of the long-lived triplet excitons and thereby suppresses nondesired triplet--triplet and triplet--polaron quenching interactions. The host-guest design is also beneficial because it lowers the self-absorption of the guest-generated light within the active material. The drawback is that the guest emitter can function as a trap for electron and hole transport, especially in thick host-guest layers. Herein we have, after careful screening (following the criteria detailed later), selected to employ 2,5-di(9*H*-carbazol-9-yl)pyridine (PYD-2Cz) as the host compound for the P1 guest emitter. The active material in LEC devices must, by definition, comprise an electrolyte, and the ionic liquid tetrahexylammonium tetrafluoroborate (THABF~4~) was employed because of its broad electrochemical stability window^[@ref43]^ and because it has demonstrated good LEC performance in previous studies. A small amount of poly(styrene) (PS) was finally included in the LEC active material because it was found to render the device performance more repeatable in that it effectively eliminated problems with electrical short circuits. The chemical structures of the active-material constituents are displayed in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}a.

The active material (or rather the organic semiconductor) in a functional LEC is electrochemically p-type-doped (oxidized) at the anode and n-type-doped (reduced) at the cathode during operation, so that a light-emitting p--n junction doping structure can form at the steady state. We investigated whether this basic doping requirement was fulfilled with cyclic voltammetry (CV). [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b shows CV traces of thin films of the TADF emitter P1 (solid cyan line) and the host PYD-2Cz (dashed purple line). We observe that both P1 and PYD-2Cz feature significant and partially reversible oxidation reactions with onsets (as indicated by the vertical dotted lines in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}b) at +0.4 and +0.7 V vs Fc/Fc^+^, respectively. The reduction reactions were of smaller magnitude and less reversible, and their onsets were located at −2.4 and −2.8 V vs Fc/Fc^+^ for P1 and PYD-2Cz, respectively. We mention that at least two prescans were required before the reduction of P1 could be observed. These results imply that the facile electrochemical p-type doping of both the P1 emitter and the PYD-2Cz host can be expected during LEC operation, but they raise some concerns regarding the efficiency and the extent of the n-type doping reaction.^[@ref44]^

The HOMO and LUMO energy levels can be calculated from the CV-derived onset potentials for oxidation and reduction, respectively, using the equation: *E*~HOMO/LUMO~ (eV) = −(4.8 eV + *eV*~Fc/Fc^+^~^ox/red^).^[@ref45]^[Table S1](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf) shows that the derived HOMO and LUMO levels for P1 are −5.2 and −2.4 eV, respectively, whereas the corresponding values for PYD-2Cz are −5.5 and −2.0 eV. This results in the electrochemical energy gap being 2.8 eV for P1 and 3.5 eV for PYD-2Cz. The optical energy gap, as derived from the onset of absorption, is 2.6 eV for P1 (see [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c) and 3.5 eV for PYD-2Cz.^[@ref46]^

With the energy-level data in hand, the conclusion is that an *intermolecular* charge-transfer (or exciplex) state between the host and guest will not form in the PYD-2Cz:P1 host--guest system. Specifically, we find that the LUMO offset (or electron trap depth) for the PYD-2Cz:P1 host-guest active material is 0.4 eV, whereas the HOMO offset (or hole trap depth) is 0.3 eV. It is noted that such balanced values for the electron and hole trap depths have been reported to facilitate the efficient operation of host-guest LECs.^[@ref43]^

[Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c presents the absorption spectrum of a thin film comprising P1 diluted in PS at 10 mass % (left *y*-axis) and the photoluminescence (PL) spectra of neat PYD-2Cz and P1 thin films (right *y*-axis). We observe that the PL emission of the PYD-2Cz host (solid purple squares) significantly overlaps the absorption of the P1 guest (open black circles), which demonstrates that a principle requirement for Förster resonance energy transfer (FRET) from PYD-2Cz to P1 is fulfilled.^[@ref47]^ The substantial separation, and the lack of overlap, between the PL spectrum of the emitter P1 (solid cyan circles) and the absorption spectrum of the host PYD-2Cz with an onset at 350 nm^[@ref46]^ signals that the self-absorption within a thin layer of active material should be low.

The triplet energy of PYD-2Cz is reported to be 2.93 eV.^[@ref46]^ Because the singlet energy of P1 is 2.6 eV and because the singlet and triplet energies are essentially identical in TADF emitting materials by design, the conclusion is that Dexter energy transfer from PYD-2Cz to P1 should also be an effective population pathway.^[@ref48]^

[Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d and [Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf) present PL spectra of a number of different thin films comprising the P1 polymer. The neat P1 film exhibits a featureless broad PL spectrum, with its emission peak at 485 nm ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d, dashed black line). The corresponding values for the PL quantum yield (PLQY) of the neat P1 film are 33% in inert N~2~ and 32% under ambient air. We note that these results are essentially identical to those reported in a previous study on the P1 polymer.^[@ref49]^

The addition of an insulating polymer to the P1 polymer in the form of 90 mass % PS resulted in marginal changes to the PL emission. Specifically, the PL peak remained at 485 nm, although a minor shoulder appeared at lower energies ([Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf), solid black line), and the PLQY featured a very minor decrease by 3 to 4%. We rationalize that the retained emission performance of P1 following the addition of PS is due to the fact that the two polymers were poorly mixed and well-separated within the blend because of the characteristic low entropic gain that results from the mixing of polymers.

In contrast, the inclusion of a majority amount of a semiconducting small-molecule host provoked a much stronger effect on the PLQY. Although the PL spectrum is essentially retained following the addition of 79 mass% PYD-2Cz ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d, open purple triangles), the PLQY almost doubled to 62% under N~2~ and increased to 51% under ambient air. The significant difference between the PLQY under inert N~2~ and ambient air is in line with the fact that the P1 polymer is a TADF emitter. Specifically, a significant fraction of the initially UV-excited singlets on the P1 polymer are transferred to the long-lived triplet state by ISC, where they are quenched by O~2~ molecules in ambient air. Under inert N~2~, in contrast, the triplets survive for a sufficiently long time so that they can be recycled back to the emissive singlet state by RISC.

We further find that the PYD-2Cz host PL, with its peak located at 380 nm ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c, solid purple squares), is completely absent in the host-guest blend, which demonstrates that the host-to-guest transfer, as desired, is complete. We also note that significant changes to the P1 emission capacity have been reported following the inclusion of other small-molecule host compounds, although the exact changes appear to be intimately linked to the detailed chemical and energy structure of the host compound.^[@ref42],[@ref49]^ Our conclusion is that the PYD-2Cz host and the P1 guest interact strongly in the host-guest blend, as manifested in the fact that the host-to-guest transfer is complete and the PLQY of P1 increases strongly, and we suggest that the majority PYD-2Cz host acts as a solid-state solvent for the minority P1 guest.^[@ref50]^

The most dramatic spectral effect is, however, observed following the addition of a small amount (8 mass %) of THABF~4~ electrolyte (and 9 mass % inert PS); see [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d, solid cyan circles. The PL peak is red-shifted by 33 nm with respect to the neat P1 film, whereas the PLQY is 47% under N~2~ and 41% under ambient air. [Figure S2](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf) shows that the inclusion of the THABF~4~ electrolyte has a negligible effect on the absorption spectrum. Combined, these results therefore imply that the polar THABF~4~ electrolyte can interact strongly with the P1 emitter, but the effect of this interaction is primarily manifested in the excited state of P1 (as detected with PL) and not in its ground state (as probed with absorption). We note that previous studies on TADF emitters report on a similar increasing red shift of the PL spectrum with increasing polar (solution) environment, which is in line with the fact that the excited state of TADF emitters exhibits an intramolecular charge-transfer character.^[@ref50]−[@ref52]^

The combined addition of both the PYD-2Cz host and the THABF~4~ electrolyte (and the PS polymer) to the P1 film resulted in the highest PLQY values and a PL spectrum located in between that of the neat host-guest and the neat guest-electrolyte PL spectra. Specifically for the active-material film optimized for LEC operation ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d, open red squares), featuring a {PYD-2Cz:P1:THABF~4~:PS} mass ratio of {66:17:8:9}, the PLQY is 71% under N~2~ and 63% under ambient air, and the PL peak is located at 505 nm. The general trend with increasing host concentration (at the expense of a lowered guest concentration) is an increase in the PLQY and a blue shift of the PL envelope. (See [Figure S1](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf).)

We have systematically evaluated the performance of two distinct types of P1-emitter-based LEC devices: "a host-free LEC" and "a host-guest LEC". During the course of the project, we have tested \>18 devices in each category, and the device yield was ∼50%. We found that the best performance for the host-free LECs was obtained at constant-voltage driving, whereas the host-guest LECs excelled at constant-current driving and with a thin layer of poly(3,4-ethylenedioxythiophene):poly(styrene-sulfonate) (PEDOT:PSS) included between the indium-tin-oxide (ITO) anode and the active material. The presented results are for the champion devices, but a similar performance was recorded on at least three additional devices in each category.

[Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}a displays the temporal evolution of the luminance (left *y*-axis) and the current density (right *y*-axis) of pristine host-free LECs when driven by a constant voltage of 4 and 6 V. These devices featured a simple three-layer ITO/active material/Al structure, where the optimized 70 nm thick host-free {P1:THABF~4~:PS} active material exhibited a mass ratio of {83:8:9}. A simultaneous increase in current and luminance was observed during the initial operation, which originates in the mobile-ion-facilitated characteristic in situ electrochemical doping operation of LEC devices that improves the charge injection and renders the active material more conductive. As expected, identical devices void of mobile ions in the active material feature a constant (and much lower) current and no measurable luminance.

![(a) Temporal evolution of the luminance (left *y*-axis) and the current density (right *y*-axis) of ITO/active material/Al host-free LECs during constant-voltage driving at 4 and 6 V. The host-free LECs featured an active-material mass ratio of {P1:THABF~4~:PS} = {83:8:9}, and the active-material thickness was 70 nm. (b) Temporal evolution of the luminance (left *y*-axis, solid cyan line) and the voltage (right *y*-axis, dashed black line) for ITO/PEDOT:PSS/active material/Al host-guest LEC during constant current-density driving at 100 A m^--2^. The host--guest LECs featured an active-material mass ratio of {PYD-2Cz:P1:THABF~4~:PS} = {66:17:8:9}, and the active-material thickness was 120 nm. (c) Normalized EL spectrum measured at peak luminance for the host-free LEC (solid cyan circles) and the host-guest LEC (open orange squares). For reference, the PL spectra of the electrolyte-free host--guest film (dashed black line) and the host-free active-material film (dotted black line) are included. The PL excitation wavelength was 300 nm.](jz0c01506_0002){#fig2}

The peak luminance at 4 V is 96 cd m^--2^ at a current density of 66 A m^--2^, corresponding to a current efficacy exceeding 1.4 cd A^--1^. With the assumption of Lambertian emission, this performance translates to a power efficacy of 1.0 lm W^--1^ at the peak luminance. By increasing the drive voltage to 6 V, the peak luminance increased to \>600 cd m^--2^ but at a lowered current efficacy of 0.9 cd A^--1^. We note that the luminance peaks before the current density, which implies that exciton--polaron quenching interactions start to play a significant role when the fronts of the two doping regions approach each other and the effective width of the p--n junction decreases.^[@ref53]^ The corresponding data for the host-free LEC during driving with a constant current density of 100 A m^--2^ are presented in [Figure S3](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf).

We mention that the fluctuating current without light emission during the first few minutes of operation at 4 V was a relatively common observation for the host-free LECs, which we attribute to the existence and burnoff of minor microshorts through the 70 nm thin active-material film. An effective means to improve the quality and thickness of the active material was to include the high-solubility PYD-2Cz majority host compound in the active material in the host-guest LECs. We found that the best performance for the host-guest LEC was attained with an active-material mass ratio of {PYD-2Cz:P1:THABF~4~:PS} = {66:17:8:9} and an active-material thickness of 120 nm.

[Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}b displays the temporal evolution of the luminance (left *y*-axis, solid cyan line) and the voltage (right *y*-axis, dashed black line) of such an optimized pristine host-guest ITO/PEDOT:PSS/active material/Al LEC during driving by a constant current density of 100 A m^--2^. The luminance increased and reached 194 cd m^--2^ after 5 min of operation, which corresponds to a peak current efficacy of 1.9 cd A^--1^ and a power efficacy of 0.36 lm W^--1^. The voltage, following a short initial increase, consistently decreased during almost 1 h of operation, which is a direct consequence of the electrochemical doping rendering the active material more conductive. The consistently higher drive voltage for the host-guest LECs compared with the host-free LECs at the same current density is due to the fact that the undoped p--n junction in the former comprises transport-limiting nonfilled trap sites with a trap depth of 0.3 to 0.4 eV (see [Table S1](http://pubs.acs.org/doi/suppl/10.1021/acs.jpclett.0c01506/suppl_file/jz0c01506_si_001.pdf)) in the form of P1 guest molecules dispersed in the PYD-2Cz host matrix.

We also note that the same TADF-active P1 emitter has been implemented and evaluated in OLEDs, comprising a multitude (*n* = 3--5) of vacuum-evaporated and solution-processed functional layers in between the two electrodes.^[@ref49]^ The structurally much simpler LEC devices in this study were found to be competitive in several performance metrics, and we call particular attention to the lower turn-on voltage and the higher power efficacy at significant luminance (\>100 cd m^--2^) for the host-free LECs.

[Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}c presents the normalized EL spectra of the host-free LEC (solid cyan circles) and the host-guest LEC (open orange squares) recorded at peak luminance. For the host-guest LEC, no emission from the PYD-2Cz host (PL peak = 380 nm, solid purple squares in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}c) can be detected, which demonstrates that the host-to-guest energy transfer is complete.

We further find that the spectral differences between the two LEC systems are very large, with the host-free LEC emitting with a relatively narrow EL spectrum with its peak positioned at 547 nm (Commission Internationale de l'Éclairage (CIE) 1931 color space *x*,*y* coordinates = {0.39, 0.54}), whereas the host-guest LEC features a broader and distinctly blue-shifted EL spectrum with its peak emission at 500 nm (CIE *x*,*y* coordinates = {0.31, 0.44}). A closer inspection reveals that the EL spectrum of the host-free LEC appears to originate in one emitting species centered at 547 nm, whereas the EL spectrum of the host-guest LEC appears to be a superposition of two emitting components: a majority species with a peak wavelength of 500 nm and a minority species with a center wavelength of ∼550 nm.

To facilitate the discussion of the origin of these distinct spectral differences, [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}c also presents the PL spectra of the host-guest film void of the THABF~4~ electrolyte (dashed black line) and the host-free active-material film comprising the same electrolyte (dotted black line). These data remind us that the existence of polar ions in the neighborhood of the P1 emitter is concomitant with a distinct red shift of the emission spectrum, whereas the replacement of the polar electrolyte by the host molecules results in a blue shift of the P1 emission. We also remember that the steady-state operation of an LEC device dictates that all of the mobile ions are locked up in the doping regions as electrostatically compensating counterions.^[@ref54]^ More specifically, at the steady state, the positive tetrahexylammonium (THA) cations are locked up in the n-type region in between the negative cathode and the p--n junction, whereas the negative BF~4~ anions are positioned in the p-type region between the positive anode and the emissive p--n junction.

Accordingly, it seems plausible that the red-shifted EL from the host-free LEC at steady state is solely taking place from P1 polymers in close proximity to either the THA cations or the BF~4~ anions located within the doping regions, whereas the two-component EL from the host-guest LEC originates from a combination of P1 polymers solely surrounded by host molecules (the majority component at ∼500 nm) and from P1 polymers in proximity to the polar ions (the minority component at ∼550 nm).

Our qualitative explanation for these findings is as follows: In the host-free LEC, the excitons are free to diffuse around within the p--n junction until they are "trapped" on the lower energy P1 sites that exist close to the ions in the neighboring doping regions, from which they will emit (thus the red-shifted single-emission species). In the host--guest LEC, the exciton diffusion is greatly suppressed because the host compound is the majority component. In this scenario, the excitons will be quickly trapped on the P1 guest sites distributed over the entire p--n junction so that the emission will take place from both P1 sites in the central part of the p--n junction that are unaffected by the ions in the doping regions (the majority of the excitons) and from P1 sites close to the doping boundaries that will be affected by the presence of the ions (the minority of the excitons). Accordingly, the observed ion-induced shift of the TADF emission, as exemplified in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}d, can also shed light on the exciton distributions in host-free and host-guest TADF-emitting LEC devices.

To summarize, we report that a novel TADF-emitting polymer can be utilized as the metal-free efficient emitter in LEC devices, which deliver a luminance of 96 cd m^--2^ at 4 V and a current efficacy of 1.4 cd A^--1^ and \>600 cd m^--2^ at 6 V. We note that this single-layer TADF LEC performance is competitive with that of multilayer OLEDs based on the same TADF polymer. We further show that the emission of the TADF polymer is highly sensitive to the proximity of the mobile ions, which are a fundamental constituent in LEC devices. This observation was utilized to shed light on the operation of TADF LEC devices, and we find that in host--guest TADF LECs, the excitons are distributed over the entire p--n junction region, whereas in host-free TADF LECs the excitons appear to be strongly localized in close proximity to the doping regions. Our study thus identifies and clarifies an interesting interplay between the excitons and the mobile ions in TADF LECs and also provides a contribution to the development of sustainable emissive devices that can be entirely fabricated with low-energy and cost-efficient solution methods.

Experimental Methods {#sec10}
====================

The TADF polymer P1 (*M*~w~ = 20 500 g mol^--1^) was synthesized by Yamamoto-type polymerization of the monomer (4-(3,6-dibromo-carbazol-9-yl)phenyl)(4-(dodecyloxy)phenyl)methanone using the procedure detailed in ref ([@ref42]). The host PYD-2Cz (409.48 g mol^--1^, Lumtec), the electrolyte THABF~4~ (217.07 g mol^--1^, Sigma-Aldrich), and the polymer PS (*M*~w~ = 900 000 g mol^--1^ Sigma-Aldrich) were used as received.

The master inks were prepared by separately dissolving the solutes in toluene at a concentration of 10 (P1) or 20 g L^--1^ (PYD-2Cz, THABF~4~ and PS) by stirring on a magnetic hot plate at 323 K for \>3 h. The blend and active-material inks were prepared by blending the master inks in a desired mass ratio, followed by stirring on a magnetic hot plate at 323 K for \>3 h. The ink-under-study was spin-coated (2000 rpm, 1000 rpm s^--1^, 60 s) on a carefully cleaned substrate and thereafter dried at 343 K for \>2 h. The thickness of the dry active-material film was measured with a profilometer (DekTak XT, Bruker).

CV was carried out with a three-electrode setup equipped with a computer-controlled potentiostat (Autolab PGSTAT302, software: GPES). The working electrode comprised the material under study drop-cast on a Au-covered glass substrate, a Pt rod as the counter electrode, a Ag wire as the quasi-reference electrode, and 0.1 mol L^--1^ tetrabutylammonium hexafluorophosphate (TBAPF~6~, Sigma-Aldrich) in acetonitrile as the electrolyte solution. The scan rate was 0.05 V s^--1^. Directly after each CV scan, a calibration scan was run with a small amount of ferrocene added to the electrolyte so that the CV potentials could be reported versus the ferrocene/ferrocenium ion (Fc/Fc^+^) reference potential. The reduction/oxidation onset potentials were defined as the intersection of the baseline with the tangent of the current at the half-peak height. The CV preparation and characterization were executed within a N~2~-filled glovebox (\[O~2~\] \< 1 ppm, \[H~2~O\] \< 0.5 ppm).

The optical transmission of 100 nm thick spin-coated thin films on quartz substrates (thickness = 1 mm, Ted Pella) was measured with a spectrometer (C9920-02G, Hamamatsu Photonics), with a 100 nm thick PS film on a quartz substrate as a reference. The absorbance was estimated as \[1 -- transmission\], thus neglecting the effects of reflectance. The PL spectrum and the PLQY of the thin films were measured with an integrated sphere connected to the spectrometer under either an inert N~2~ atmosphere or an ambient-air atmosphere. The excitation wavelength in the PL and PLQY experiments was 300 nm.

The ITO-coated glass substrates (ITO thickness = 160 nm, 20 Ω sq^--1^, Thin Film Devices) were cleaned by a sequential 20 min ultrasonic treatment in detergent (Extran MA 01, Merck), distilled water, acetone (VWR), and isopropanol (VWR), drying at 393 K for \>4 h, and UV-ozone exposure for 20 min. PEDOT:PSS (, Clevios PVP AI 4083, Heraeus) was spin-coated (4000 rpm, 1000 rpm s^--1^, 60 s) on top of the ITO and thereafter dried at 393 K for \>2 h. The thickness of the dry PEDOT:PSS film was measured to be 35 nm.

The active-material ink was spin-coated either on top of the ITO or on top of the ITO/PEDOT:PSS and dried at 343 K for \>3 h. The thickness of the active material was controlled by the spin-coating parameters (800 rpm, 800 rpm s^--1^, 60 s). A 100 nm thick Al cathode was deposited on top of the active material by thermal vacuum evaporation at a base pressure below 2 × 10^--6^ mbar. The emission area 2 × 2 mm^2^ was defined by the overlap between the Al top cathode and the ITO bottom anode. All of the above procedures, with the exception of the PEDOT:PSS deposition, were carried out in two interconnected N~2~-filled glove boxes (\[O~2~\] \< 1 ppm, \[H~2~O\] \< 0.5 ppm).

The LEC devices were driven by and measured with a computer-controlled current--voltage--luminance system (OLED Lifetime Tester M6000, McScience), with the luminance measured in the forward direction. All LEC devices were characterized within 24 h of fabrication. The EL spectrum and intensity were measured with a carefully calibrated fiber-optic CCD-array spectrometer (Flame-S, Ocean Optics).
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